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Scopeof Patent Qaims / 

[Qaim 1] A method of preparation of low molecular weight acrylic polymers primarily 
from acrylic acid esters (or methacrylic acid esters) without using a solvent or dispersion medium 
wherein the method of preparation of low molecular weight acrylic polymers comprises the 



are similar to the target properties to be used as a means of controlling the heat of polymerization, 
and next, charing a part of a mixture of the monomers and the chain transfer agents to be 
polymerized into a polymerization system that contains 30 to 90% by weight of the of the 
foregoing low molecular weight polymers that are used to control of the heat of polymerization, 
and heating and stirring with the addition of a polymerization initiator to perform the initial stage 
of polymerization, and then gradually adding the remainder of the aforementioned mixture of 
monomers and chain transfer agent, along with polymerization initiator as required, to continue 
the polymerization reaction. 



advance preparation of low molecular weight polymers having a composition and properties that 



[Qaim 2] A method of preparation of low molecular weight acrylic polymers according to 
Claim 1 wherein a functional group-containing copolymerizable unsaturated monomer is used in 
conjunction with the acrylic acid ester (or methacrylic acid ester) in the starting monomers as a 
means to introduce the foregoing functional group into the resulting low molecular weight acrylic 
polymers. 

[Qaim 3] A method of preparation of low molecular weight acrylic polymers according to 
Claim 2, wherein a molar ratio of 1/3 to 1/500 of the copolymerizable unsaturated monomer 
containing a functional group is added with respect to the acrylic acid ester (or methacrylic acid 
ester), wherein the chain transfer agent and/or polymerization initiators used are ones that contain 
a functional group, wherein the amount of the chain transfer agent and/or polymerization initiator 
used ranges from 0. 1 to 20 parts by weight per 100 parts by weight of the acrylic acid ester (or 
methacrylic acid ester), and wherein the resulting low molecular weight monomers have an 
average of one functional group on the end of each molecule that derives from the functional 
group in the chain transfer agent and/or polymerization initiator as well as an average of one 
functional group per molecule located in the desired position within each molecule that derives 
from the functional group in the copolymerizable unsaturated monomer. 
Details of the Invention 

The present invention relates to a method of preparation of low molecular weight acrylic 
^polymers primarily from acrylic acid esters (or methacrylic acid esters). 

In general, acrylic polymers such as polyacrylic acid esters, when used in adhesives, paints 
and sealants are used in the form of an organic solvent solution or dispersion of insoluble high 
molecular weight polymers which are of high viscosity or even in solid form. However, the use of 
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such solvents or dispersing mediums can cause issues with environmental pollution, high costs, 
and lengthy drying types after application and the like. 

To address these problems, the present inventors have sought for many years, a substitute 
for such high molecular weight polymers plagued by the foregoing problems, that is, low 
molecular weight, liquid form polymers having a viscosity that was low enough that they could 
be applied as paints impregnating agents or fillers without requiring the use of a solvent or 
dispersing medium. Such low molecular weight liquid form polymers also could be used in new 
applications that were completely diflferent fi-om applications for high molecular weight polymers 
such as plasticizers for polyvinyl chloride or as leveling agents for paints, and fiirther, through the 
introduction of specific fiinctional groups in the low molecular weight polymers, they could be 
reacted with fiinctional compounds such as isocyanate compounds, epoxy compounds, amine 
compounds, etc. to produce adhesives, paints, and sealants which could be used in the same 
applications as conventional products derived fi-om high molecular weight polymers. 

The present invention relates to a method of preparation which will produce low 
molecular weight acrylic polymers with the aforementioned characteristics, and this method has 
the advantage of not using solvents or dispersing mediums in the production of the low molecular 
weight polymers, which simplifies the production process, and it offers the fiirther advantage of 
eliminating the use of solvents and dispersing mediums fi-om the post-preparation formulation 
process. Accordingly, the method of this invention makes it possible to produce the desired low 
molecular weight polymers for the desired objective completely without relying upon solvents or 
dispersing media. 
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The major problem in this method was how to control the heat of polymerization in the 
process. If the monomers were all charged into the polymerization system at once, it was not 
possible to control the heat of polymerization. ConventionaUy a part of the monomers &st can be 
polymerized in the polymerization system, and the remainder added gradually, dropwise, but this 
method cannot be s^d to offer adequate control of the heat of polymerization. 

In the Figure, Curve A shows the heat generated with time when all of the monomers are 
charged and polymerized at once. The straight line B shows the temperature of the water bath 
temperature. From the relationship between the two, it is apparent that the heat generated from 
the initial polymerization is the problem, and if this heat generation is too great, there is a danger 
ofboiling. 

This could be avoided by using small amounts for the initial charging of the system, but if 
too little is used, it becomes diflScult to eflFectively stir the system; while it may be possible in a 
beaker-scale production, such a method would have a low level of practicality in industrial scale 
production. 

From the fact that following the initial heat generation from the polymerization, afterwards 
the system temperature closely followed the temperature of the water bath, we deduced that heat 
control in the polymerization system was related to the speed at which the polymerization reaction 
advanced and to the low molecular weight polymers that were produced: and figured that these 
polymers were performing the same role as a solvent or dispersing medium in absorbing the heat 
of polymerization, and that if these polymers were pre-prepared and present when the monomers 
were added, there would be no danger ofboiling due to the heat of polymerization when the 
added monomers were polymerized, and further there would be no difficulties in stirring the 



system and that polymerization could be conducted smoothly in this manner from beginning to 
end. This discovery led to the completion of the present invention. 

To wit, in preparing the low molecular weight acrylic polymers by means of this invention 
from primarily acrylic acid esters (or methacrylic acid esters) without the use of a solvent or 
dispersing medium, low molecular weight acrylic polymers having a composition and properties 
sinular to those desired in the final produa are prepared in advance and used to control the heat 
of polymerization; these along with the monomers are charged into a polymerization system, with 
the foregoing low molecular weight polymers comprising 30 to 90% by weight of the total 
components, and then initial polymerization is performed whUe heating and stirring with the 
addition of a polymerization initiator, and then continuous addition is made of a mbrture of the 
foregoing monomers and a chain transfer agent, with initiator as required, to continue 
polymerization to produce the target low molecular weight acrylic polymers. 

The primary monomers used in this invention conform to the acryUc acid (or methacryUc 
acid) alkyl ester m the below listed General Formula: 

Ri 

I 

CHz = C-C-O-R2 

II 

0 

(wherein Ri is hydrogen or methyl group, and R2 is an alkyl group with 1-18 cari)on 
atoms). 

Such monomers may be used in one or more varieties. 

In the foregoing general formula, the alkyl group (R2) may be either a branch or or non- 
branch group. Specific examples include methyl, ethyl, n-butyl, isobutyl, 1-ethylpropyl, 1- 
methylpentyl, 2-methylpentyl, 3-methylpentyl, 1-ethylbutyl, 2-ethylbutyl, isooctyl, 3,5,5- 



trimethylhexyl, decyl, dodecyl, cetyl, lauiyl, etc. 

It is possible to use copolymerizable unsaturated monomers in conjunction with the 
foregoing main monomers. Specific examples of such copolymerizable monomers include vinyl 
esters, vinyl vinylidine, vinyl ethers, acrylonitrile, methacrylonitrile, methyleneglutamitiile, methyl 
methacrylate, butadiene, styrene, chloroprene, acrylic acid amide, etc. 

Especially effective as copolymerizable unsaturated monomers include those unsaturated 
monomers that contain functional groups such as carboxyl group, acid anhydries, hydroxyl group, 
epoxy group, amino group, halogen, etc. Typical examples include acrylic acid, methacrylic acid, 
maleic anhydride, vinyl esters of cinnamic acid, 2-hydroxyethyl acrylate (or methacrylate), glycidyl 
acrylate (or methacrylate), N-methylaminoethyl acrylate, vinyl bromide, etc. 

When such copolymerizable unsaturated monomers that contain a functional group are 
used, it is possible to introduce the functional group into the molecule of the resulting low 
molecular weight polymers, and then when such low molecular weight polymers are used in 
conjunction whh polyisocyanate compounds, polyamine compounds or other multifunctional 
compounds, there is a cross linking reaction among the functional groups that results in obtaining 
higher molecular wei^t polymers. This is a veiy useful capability. 

The polymerization in the method of this invention is radical polymerization and the use of 
a polymerization initiator is indispensable. Further, when preparing low molecular weight 
polymers, the use of a chain transfer agent to make it possible to adjust the molecular weight is 
also a requirement. Examples of such polymerization initiators include conventional benzoyl 
peroxide, a,a'-azobisisobutyrronitrile, redox type catalysts and the like. Smilarly, chain transfer 
agents include lauiyl mercaptan, n-butyl mercaptan, etc. 



Also, when the aforementioned copolymerizable unsaturated monomers having a 
functional group are used, it is possible to use an initiator and/or chain transfer agent having the 
same functional group, or a different type of functional group, preferably one which has the same 
degree or a higher degree of reactivity as the other functional group. 

The amount of such copolymerizable unsaturated monomers having a functional group 
should range from 1/3 to 1/SOO the amount of the acrylic acid ester (or methacrylic acid ester), 
and the amount of a functional group-containing initiator and/or chain transfer agent should range 
from 0. 1 to 20 parts by weight per 100 parts by weight of the acrylic acid ester (or methacrylic 
acid ester). So doing makes it possible to introduce an average of one functional group at the end 
of each molecule that derives from the initiator and/or chain transfer agent, and an average of one 
functional group that derives from the copolymerizable unsaturated monomer in the desired 
position wthin each molecule. When the low molecular weight polymers are used, their 
combination with an isocyanate compound, polyamine compound or other multifunctional 
compound causes a cross linking reaction among the functional groups that lengthens the chains 
to produce long, high quality rubbery elastomer type high molecular weight polymers. This 
capability is very useful and further increases the versatility of the low molecular weight polymers 
by including the functional group containing monomer therein. 

Examples of the functional groups which can be used in the polymerization initiator 
include carboxyl group, hydroxyl group, or halogen in azobis cyano-valeranic acid, oxalic 
peroxide, azobiscyanobentanol, 2,2-azobis(2-aminopropane)hydrochloride, etc. With regard to 
functional group-containing chain transfer agents, a wide variety of copolymer chain transfer 
agents containing, for example, carboxyl group, hydroxyl group, amino group, halogen, epoxy 



group, etc. may be used effectively. Typical examples would include, 2-mercapto acetate, 2- 
mercapto ethanol, 2-aminoethane thiol, acetic trichloride, carbon tetrachloride, carbon 
tetrabromide, 2-mercapto acetic acid glycidyl ester, and 

(HS.CH2-C.O-CH2-CH-CH2). 

II \ / 

O O 

Next, the preparation of low molecular weight acrylic polymers according to the method 
of this invention with the aforementioned monomers, initiators, and chain transfer agents will be 
described. 

First, a mixture of the monomer(s) and chain transfer agent starting materials for the 
polymerization is charged into a polymerization tank, but not the entire amount, only a part of it. 
Then, in addition to the part of this mixture, previously prepared low molecular weight acrylic 
polymers for the controlling the heat of polymerization are added to the polymerization vat. 

The ratio between the monomer mixture and the low molecular weight acrylic polymers 
for the control of the heat of polymerization depends upon the type of monomers used and the 
magnitude of the heat generated during the polymerization process, but in general, the amount of 
the latter, the low molecular weight polymer, should comprise 30 to 90% by weight of the total of 
the monomers and low molecular weight polymer in order to be ableto effectively control the heat 
of polymerization and prevent boiling. The reason for holding the amount of the low molecular 
weight polymer to 90% by weight is that if this amount is exceeded, there are respectively too 
much of the polymer and too little of the monomer and this will inhibit the initiation of the 
polymerization reaction, also, it is not practical for industrial scale production. 

The low molecular weight acrylic polymers used to control the heat of polymerization in 
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the method of this invention should have a composition and average molecular weight that arc 
similar to the target properties of the polymer to be produced from the monomer, chain transfer 
agent, and initiator being used. They may be prepared without using solvent by synthesis on a 
small scale, or they may be prepared using a solvent, and then removing it by evaporation after 
preparation. Also, such heat control polymers may be obtained from previous implementations of 
the method of this invention. 

When the added low molecular weight polymer and monomer mixture reach the 
prescribed temperature, usually obtained by heating with an external bath to the temperature 
appropriate to the polymerization initiator, the initiator is added. This addition, after a constant 
induction interval, rapidly causes the generation of heat, but the low molecular weight polymers 
that have been previously incorporated into the system absorb this heat and prevent the system 
from boiling, thereby allowing the smooth progression of the polymerization, allowing the 
polymerization reaction to progress at a virtually constant temperature. 

The average molecular weight of the low molecular weight acrylic polymers obtained from 
the polymerization process, which should be similar to that of the polymers used for heat control, 
should range from about 2000 to 8000, and they should be in liquid form. Since no solvent or 
dispering medium is contained therein, there is no need for a process to remove such components 
following polymerization— the polymer may be used as-is. Such polymers have application as 
plasticizers for polyvinyl chloride, in paints, and as leveling agents. Further, when functional 
groups have been introduced through copolymerizable monomers or through the polymerization 
initiator/chain transfer agent, the polymers may be used with multifunctional compounds to meed 
conventional applications for high molecular weight acrylic polymers such as in adhesives, 
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sealants, paints, etc. 

As was detailed above, the use of low molecular weight acrylic polymers to control the 
heat of polymerization in the method of this invention for preparing low molecular weight aciyUc 
polymers without solvents or dispersing media from aciylic acid esters (or methacrylic acid 
esters), the monomer mixture is added to a prepolymerized system so that the subsequent 
polymerization reaction does not cause the boiling of the system, and the stirring of the system is 
not impaired. This makes it possible to smoothly evoke the polymerization reaction by means of 
this highly practical method for industrial scale production. 

Next, the invention will be described more specifically through examples. 
Example 1 

100 parts by eight of n-butyl acrylate, 2 parts by weight of n-butyl mercaptan, and 0.1 part 
by weight of azobisisobutyronitrile were used as starting materials using an appropriate 
polymerization method and conditions to prepare low molecular weight acryUc polymers for heat 
control that had an average molecular weight of 5600 and a viscosity of 70 poise at 30*C when 
measured using a rotary viscometer, and then polymerization was performed as follows. 

First, 20 kg of the foregoing low molecular weight polymers and 4.08 kg of a monomer 
mixture comprised of 100 parts by weight of n-butyl acrylate, and 2 parts of n-butyl mercaptan 
were charged into an 80 liter polymerization vat, and then while stirring and under a nitrogen 
purge, the mixture was heated to 70°C, and then after about 60 minutes of nitrogen purge, 6 g of 
azobisisobutyronitrile were added. After completing the initial phase in about 22 minutes, heat of 
polymerization was generated, but the maximum system temperature only reached 82"'C. After 
that, 45 kg of a mixture comprised of 100 parts by weight of n-butyl acrylate, 2 parts by weight of 



n-butyl mercaptan, and 0. 1 part by weight of azobisisobutyronitrile were added to the system 
gradually from a titration funnel while maintaining an external bath temperature of 68^Q and a 
nearly constant internal temperature of TS'^C. The rate of dropwise addition was 6 kg/hr, which 
required 7.5 hours for addition, followed by three hours of holding the system at the same 
temperature to complete polymerization. 

The low molecular weight acrylic polymer obtained in this manner had a polymerization 
rate of 98.2%, a viscosity of 70 poise at 30^C when measured in a rotary viscometer, and an 
average molecular weight of S500. This low molecular weight polymer contained the low 
molecular weight polymer that was first prepared in advance, but it exhibited nearly the same 
viscosity and average molecular weight as the polymer that was prepared in advance. 

The low molecular weight acrylic polymer obtained in this way was then used anew 
according to the method of this invention for heat control, and in this case as well, the initiation of 
the polymerization went smoothly without boiling, and the properties of the final polymer were 
nearly unchanged from those of the heat control polymer. 

The low molecular weight acrylic polymers obtained in this manner can be used as 
plasticizer for polyvinyl chloride, as softeners for acrylic tackifiers, etc. 
Example 2 

The low molecular weight acrylic polymer used for heat control in Example 1 was used 
along with amounts of a monomer mixture consisting of 100 parts by weight of n-butyl acrylate 
and 2 parts by weight of n-butyl mercaptan that are shown in the below listed table, and the heat 
evolution of the initial period of polymerization was observed. 





No. 1 


No. 2 


No. 3 



Low molecular weight acrylic 


20 kg 


20 kg 


20 kg 


poiymer lor conuui ui iivoi ui 




(79.7) 


(67.6) 


polymerization 








Mixture of monomers and chain 


4.59 kg 


5.1kg 


6.12 kg 


transfer agent 


(18.7) 


(20.3) 


(23.4) 



Numbers inside parentheses show % by weight of total. 



The maximum initial heat evolution was 88*C for No. 1, 96*C for No. 2, and 1 10*C for 
No. 3, but no boiling was noted. These heat evolution levels were fairly gentle and allowed the 
continuation of smooth polymerization reactions that were similar to those of Example l.On the 
other hand, when 7. 14 kg (26.3% by weight)( of the monomer mixture of 100 parts by weight of 
n-butyl acrylate and 2 parts by weight of n-butyl mercaptan were added, the initial heat evolution 
produced a dangerous boiling state-the same result as if no heat control polymer had been 
incorporated. Thus, it is necessary to included at least 75% by weight or more of heat control 
low molecular weight acrylic polymers when using n-butyl acrylate as the monomer. 
Example 3 

100 parts by weight of n-butyl acrylate, 5 parts by weight of acrylic acid, 0.7 part by 
weight of 2-mercapto acetate, and 0.1 part by weight of azobiscyanovaleranic acid were 
polymerized in advance to obtain low molecular weight acrylic polymer for heat control that had 
an average molecular weight of 22000 and a viscosity of 2500 poise at 35''C when measured in a 
rotary viscometer. Then, the foUovwng polymerization process was implemented. 

First, 100 kg of the foregoing low molecular weight polymer and 15.855 kg of a mixture 
of 100 parts by weight of n-butyl acrylate, 5 parts by weight of acrylic acid, and 0.7 part by 
weight of 2-mercapto acetate were charged into a 500 liter polymerization vat. While stirring and 
under a nitrogen purge, the temperature was raised to 76*C, and then after about 60 minutes of 



continued nitrogen purge, 20 g of azobiscyanovaleranic acid were added, to initiate the first stage 
of polymerization over about 35 minutes. The heat evolution caused the temperature to reach a 
high of 85^C, and went smoothly. After that, a titration funnel was used to make gradual addition 
of 300 kg of a mxiture comprised of 100 parts by weight of n-butyl acrylate, S parts by weight of 
acrylic acid, 0.7 part by weight of 2-mercapto acetate, and 0. 1 part by weight of azobisvaleranic 
acid. The temperature of the external bath was IT'C and the internal temperature of the 
polymerization remained nearly constant at 76**C. The dropwise addition was made at the rate of 
30 kg/hour for 10 hours, and the polymerization was completed after holding the same 
temperature for an additional two hours. 

The polymerization rate for the low molecular weight acrylic polymer was 98.4%, and the 
viscosity was 25000 poise when measured by a rotary viscometer at 35^C, and average molecular 
weight was 21000. The final polymer contained some of the heat control polymer, but properties 
of the final polymer were nearly unchanged fi'om those of the heat control polymer. 

The polymer that was obtained was used anew as heat control polymer for repeated 
polymerization properties. In these cases as well, there was no boiling and the polymerization 
proceeded smoothly. The resulting polymers had properties that were little changed firom those of 
the heat control polymer. 

In this example, a great deal of heat of polymerization was generated due to the use of 
acrylic acid, and because but a small amount of chain transfer agent was included (in other words, 
because of the high average molecular weight for the low molecular weight polymer) it was 
necessary to include 85% by weight or more of the heat control low molecular weight polymer in 
order to prevent boiling during the initial polymerization stage. 
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In any event, the low molecular weight polymer obtained by this method had an average of 
1 terminal carboxyl group per molecule derived from the chain transfer agent and initiator, and a 
average of one carboxyl group internally in the desired position in the molecule from the acryUc 
acid. By using it with an isocyanate c or other multifunctional compound, it is possible to obtain 
long crosslinked chains that are useful as rubbery elastomers in adhesives, paints and sealants. 
Example 4 

An appropriate polymerization method and conditions were used to prepare a in advance a 
low molecular weight acryUc polymer that had a viscosity of 4700 poise at 30'C when measured 
with a rotary viscometer and an average molecular weight of 15000 from starting materials of 100 
parts by weight of ethyl acrylate. 20 parts by weight of acrylonitrile. 5 parts by weight of glycidyl 
acrylate, 4 parts by weight of lauryl mercaptan. and 0.3 part by weight of benzoyl peroxide. It 
was then used in the following polymerization process. 

50 kg of the foregoing low molecular weight polymer, and 80 kg of a mbrture of 100 parts 
by weight of ethyl acrylate. 20 parts by weight of acrylonitrile. 5 parts by weight of glycidyl 
acrylate. and 4 parts by weight of lauryl mercaptan were charged into a 500 liter reaction vat. 
While stirring and purging with nitrogen, the temperature was raised to TO^C. 

After 70 minutes of fiirther nitrogen purging, addition was made of 180 g of benzoyl 
peroxide to induce the initial polymerization over about 35 minutes. Heat evolved from the 
polymerization, but it was rather gentle with the maximum temperature reaching but 85X. After 
that. 300 kg of a mfacture comprised of 100 parts by weight of ethyl acrylate. 20 parts by weight 
of acrylonitrile. 5 parts by weight of glycidyl acrylate. 4 parts by weight of lauryl mercaptan, and 
0.3 part by weight of benzoyl peroxide was added dropwise at the rate of 20 kg/hour for 15 hours 



using an external bath temperature of 7l°C. The system temperature remained nearly constant at 
7l°C, and after the addition, the same temperature was maintained for 4 hours to complete 
polymerization. 

The polymerization rate for the resulting low molecular weight acrylic polymer was 
97.5%, its \dscosity was 4600 poise at 35*0 when measured with a rotary viscometer and average 

molecular wdght was 14300. 

The final polymer contained some of the heat control polymer, but properties of the final 
polymer were nearly unchanged firom those of the heat control polymer. 

The polymer that was obtained was used anew as heat control polymer for repeated 
polymerization properties. In these cases as well, there was no boiling and the polymerization 
proceeded smoothly. The resulting polymers had properties that were little changed fi-om those of 

the heat control polymer. 

The acrylonitrile used in this example as the copolymerizable monomer produced little 
additional heat of polymerization, and no boiling occurred despite the feet that less of the heat 
control low molecular weight polymer was included. To the contrary, due to the slowness of the 
polymerization rate of the acrylonitrile, the heat control polymer had to be reduced to 60% by 
weight of the total for satisfactory polymerization progress to be obtained. 

The low molecular weight acrylic polymers produced by this method contained an average 
of 5 epoxy groups in the desired position within each molecule, and when this product was used 
with polyamine or other multifimctional compounds, it produced high molecular weight rubbeiy 
elastomers which are useful in adhesives, paints, sealants and the like. 
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A Brief Explanation of the Figure 

The figure shows a graph of the heat evolution characteristics over time for the radical 

polymerization of acrylic monomer. 



Temp. 




Time — > 



, i. • . vrT^f^QQ cc: G. Greenblatt 
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^ h y ;u , y 1^ w X ^ ^ /!/ ^ h y -^u , / /f- / 
9 ^ \} V-V. , N. N- ^-»UT i / X ^yi/T 

y u — h , -f i *J ^ y ; 7. f- u y , ^ o a r f^^, 

T..^ y >nft T * K ir**4t tf 6 ti. So. 

a«ii<fc LTT y./m.. > ^ y /ptt , M;*^^ u 



^ « *) ^ t O J: -5 m • i to ^ * t > T . 

X X ^ A/ C L < > ^ ^ y yi/ g? X r ) (C 

«e © t^feil'^^-r i fi^ MteJpj *j J: t i4 31 

«i8^«I*J©fl&ffllRl^«-T y >u»x ;^ T ;P ( U 
< « > ^ ^ yyu»x:;^7^;u) i 0 OEftSPIC^L 
T 0. 1 - 2 0 fiftaPi « J: -5 «C LT, 

o ^ ic ±je CD ^ «fc ov * (4 ii ^^ 



© K «si <^ *f <fc ffi »c ^ fi { b 3: n/c ^5- ^ 

tt<* ^ ft * ttffl L i - ® i ^ < $ 

fi , /> a V y if ^^-r S T '/ f •> r / /< u »J. 
y-vf, 2'2-T'/fc'XC2-TS/ra 



, H^^bi^ifc . , 0liaeft3R • 2-- 

> -'I/ A r h B^tt ^ y •> X f ju 

CHS -CH, -C-O-CH, -CH-CHa) <»r«:^t/5 
II • \ / 

o o 
o4 i5fii&l^<Z>5£Jlft©^/Mc J: oT^:t*n«A^ 



c©^AT $ e» ic3^F*3 \cmfti^t mm wwiM t 

ff % 5 o 

-s^i^^^a** 2 0 0 0-8 000 oiSff 
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S IB ^ C^ffl L 4> © -tf ^ t «fe te<b 



a a^$*f 9 8. 2 $6 leie^^Egtici:^ 3 ox 

7 0 .i? ^ X , 5 5 0 0 

*j ® ffl ^J' ^ ft <0 © fA ffi * J: Of 5|Zi^ ^ ^ 
tiiStfzC(DX •? <C L T o < ^ titer if g v'U ^ 

fit**: fcffi-^JRlftiJffilffl i LT<Seffl Ufc fc.©«t la.!:// 



a^WBS65H 8457 (5) 

T> 'i Vl/ft n - T'f-A'. I 0 0 S»§Ps n-^f^ 
/u/ ^i'* :^ 2 SftStJif J: C/T */ k; :^ v T' 
a h y 0. L SftSP^m^Hil^t ifilScS: 

-^^Akt^ um-^^fe#'^>*!>!B*i ^^V^sHSttfiti- 
ic J; i& 3 0. X^<D$^&,pi 7 0 ;*« <'x^ spj^^^ftA^ 
5 6 O p ©.fi#«MMaiffl®r ^ 'J n.^<ft^^ft(4: 

■ i^±ia©.(£^^ft<* 2 0 T^^ 'j /i'Sr n 

-/f^/i/l 0 OSftfiP^^J^y^" ^ -f^ A, / J\^t -f 
9 V 2 fi ft SU i^/i: ^ ii^^ 4. 0 8 i «: 8 0 ^ 

Lr 7. 0 c icfin® Lfc , JKi 6 0 ^lfflM««« 
ji^i 2 2^pa©aiipssra». <9 

|ft»LT t fiSJSff 8 2 C tc L T t> (4 
^^S^JCiWcnt -:>/c c ^ <P^ ^ ^, T ^ 'i /UK n 
- yf- /u 1 0 0 Sft.SU ^n-yf^/wyiu^y^y 
2 fifths ft T '/ tr5^.< V l/f- D - H 'J 0. I 5ft 



^J-^ftiiii * 0 ^ift n - 0 0 SftSC 

I* J: tX n - y ;u > fx^-h-f 9 y 2'^%.%t1r^y>U 
5?i^4$(J^ol±i^;?^ft^Ta»c^$n^ia] < 





Na 1 


Na 2 


Na 3 . 


ft 


2 0 
(81.3) 


2 0 

(79.7) 


2 0 Kff 

(76.6) 


mft(*^ 


4.5 9 Kp 
(18.7) 


5. I Kff 
(20.3) 


6. 1 2R9 
(23.4) 



({iL, )(4«:i&*^ft»C**t--5fift$t* 

) . 

t:. Na27!=(4 9 6t:, NaSTtii i ot:»c±#L 



T ^ i; n - r ^ 1 0 0 ffiiaS n 

iOftii-^ft^? «a»*Cii35n LT , 7. 1 4 C f±ii^ . 
^ttO 2 6. 3 Eft 56 ) L /;: i C 6. taJt«©%l^ 

ttsfi*^, 2 - /^u* :r MlFtt 0. 7 a«aJis J: 

C/f T y K- ;^ T y. u.'J T yg? 0, i ffi ftfilU^tti^ 

t , [HHS«K*t-»cJ: S 3 5 c ofeKiif 2 5 0 0 
X, :q2J^^?-«AJ 2 2 0 0 0 ©li^JSiftijftlffl 

<o3M;ft3&<25oo>if^x^ 2 1000 

^*A*lJ ffl) ffl © « fti* © CD Jte K *j j; 

^ t T fl!^ L y;: © i i ^ ^.^ ^ i^c ^ 

. C©^JE«f5tC*Jl^T(i^fi[^tt*ft(*i UTT 
^ yu|t*ttm Urfc^«©Tfi^»ilft*i;^T?*l9, 
t /i:iSm8J«;SiJ©«fflfti&*ii?^£t^y::>i>. -^^f^lf 

^ ftll ffl) ffl © (S ^i- ^ © it ;5»- fi ^ to ^ © {± 
❖ 4bftic^^r Liri5E©<k *5 0 8 5 ®fi:56 2l± 4 
2:iicj:i9toJt«©!J|»«ISfril:-e*/;:fc©T?*5o 



fiFBflHB55H 8457 (« 

XI - f^ iv \ 0 b fi « . T ^ a 5 s ft ffi t 

. J: cjf ;2 - / ^ ^ r h s^tt 0. 7 a«8ij*> ^>^i 

^ i s! 8 5 5 Kff ^ 5 0 0 ^ © S IS 

n^^^n^m^ Lfi:A<«^^««« LT 7 6 ciclra. 

a L/tp JSje 0 5^M««B»Lfc«T-/ K-:^ i/ T 

W©m*JWfai.«. B^*<te« f5«» LT^fytA*. . 
*WilK8 5 crca tT;0^^tl^^iS^*MC/iO 
o ^ ©^^ h^r ^ 9 vwftfc ti - -f^ ;p 1 0 0 B 
.•*tT^'. 5 fijIIC t 2 ->.^u* T-H^R 

.0. 7 fift€is t r y s/T y ^< u 'J r y gfc o. i fi 

ftSSi.36>&tt * 3 0 0 ii* *ffiTSf4.*Ci; 13 

4^* ica^3ftrt ICj!lD;iT. ^?SfflK 7 2X1. 
^f^©taK7.6 .t: {Jtf— ^CTSffT, j»T 

ttS^*36*9 8. 4 ?6t?v lsIIK*6tt«'<c J:5 3 5 tc 

'St. ^-f-rt©ffi«©ttflllC T^' 'j 
A^tifc^i^H^ 1 <H© i . 

>f V '> T ;^ - b ^k^«!i© J; fi^-nm\^it^^ 
mm ,^P( . 4^-9 y h nc t'©®*4*cl^«icws!i, 
T uyuK X f- 1 0 0 Sft 8S , r ^ »; D ^ h 

. U ;i/ 2 0 fiftSiS. •> S^/i'T^ y U — h 5 £ft 

SP . 7 /I' / * ^ ^ > 4 Sft SP 4a J: CX-< > V 
Ko.3fiftffl*m516IS*4<fcL, Si 

ttKttlC<fc 5 3 0 t:©iMfffiA^ 4700d?^X, 5|Z 

i^^^^^rft^M 5 0 0 0 ©s-g-iliasiiffiiracr ^ y 
^^iS^^^fti^^fi^m aT©®^^?T/i:o/io 

4 ■r±se©i5^^ft<* 5 0 T^g^i^ax 



^jy 10 0 fiftss. T >; o ^ ^ <; 2 0 Sfifls. 

/ A^ijrf ^ :/ AMWi^P^^U i> 8 0 t 

5 0 0 ^ofi^S^cttii^. S'&^^rt U'i 

*«j 6 p ^MIS[«iB» L/s»^ V -/^ ^u^* + 
•> K 1 8 0 y f toiLytiC^i lb 3 S^J-raol^* 

8 5 CJCi* LT;!)> 'i»li ^^iS^A^;(C/Xo/to -5- O 
St $ «^ »c: T ^ U X ^ ;u 1 0 0 Sa.ffi i T ^' 'J 

o ^ > ij ;u.2 0 i*HJ <!: ^ U ;> T ^ 9 U - h 
5 fittffi <!: ^ y vk> /i- » y # > 4 i 'n* > 

•/-f /u/* -:t-> i/.K 0. 3 Sfta5 t36*^^A'5fi'&tl. 

3 0 0 K^^SSTii^ici: Kfi/^^i^ R:Sp;t 
n?SiaK 7 1 t: , S^.^rt CDSff 7 6 C 

liS'^4zj&<9 7. 5 5(\ J: 3 5 t: (0. 

*>S^^tT*J»3. cox yU^^^&^^tcti 

t ;5i T- . S . ^ . - 7 v h «!f 

ic ;& ^ T' % ^ o 

4.{gl@(Dt8!m^il$iit^ 

m ^ ^ n K 0m«^xife^3:^*±j;r^:-. - 

f^^A t^ax; 3^; 



. 1*MBS55H 8457 (7) 
tt«j6<4 6 afl.# ^ .Jf* 5|£j^^^Jii&f I 4 3 0»0 
* o T . C O te^ ^ » tC (i ^ to ffl jS L /c g ^ 

}»|i]®ffi©(£^3'^«<*fc.'&* nrl^-5A^ COS 
ft t e t ^ <if 1^ U * ^ fc ® -e * o o 
^.^ft»*^a:tt*^»«ii«ifflo(fi^^«i*i L 

L: fc<f:2: 6\ t O "fi^iUMB ^£ <if O ^ 

tt i6 ^ft *iPS »c.L r 55» yx <tr © /X t) 
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